Studying the links between dietary patterns and obesity is especially relevant for Middle-Eastern populations because of their high prevalence of a particular type of obesity, the so-called Middle-Eastern pattern, and their diets' unique characteristics. Therefore, we wondered if major dietary patterns are related to the prevalence of general obesity and central adiposity among Iranian women. In this cross-sectional study of 486 women aged 40-60 y, usual dietary intakes were evaluated using a FFQ and anthropometric measurements. By the use of factor analysis, we extracted 3 major 
Introduction
Obesity is a complex multifactorial chronic disease that develops from an interaction of genotype and the environment (1) . Not only developed countries (2-4) but also developing ones face the obesity epidemic among both children and adults (5-7) such that annual increases in the prevalence of overweight and obesity in poor and middle-income countries can be compared with those in the United States (8) . Although there is agreement about the health risks of overweight and obesity, there is less agreement about their management.
Our understanding of how and why obesity develops is incomplete but involves the integration of social, behavioral, cultural, physiological, metabolic, and genetic factors (1) . Rising prevalence of obesity reflects the strong impact of lifestyle factors, including diet, on its etiology (9) . It has recently been recommended to consider diet as dietary patterns to capture a snapshot of its entirety (10, 11) . Due to the possibility of many undiscovered compounds in foods, the enormity of interactions among nutrients and foods, and the colinearity among food and nutrient intakes, using a multivariate approach like dietary patterns could resolve concerns about confounding factors and interactions of foods and nutrients (10) (11) (12) (13) . Furthermore, a dietary pattern approach reflects individuals' dietary behaviors and therefore could provide more detailed information about nutritional etiology of chronic disease (11, 12) .
Several studies have reported the association of major dietary patterns with obesity and central adiposity (14) (15) (16) (17) (18) (19) (20) (21) ; most came from western countries (14) (15) (16) (17) (18) (19) and few data are available from non-western ones (20, 21) , particularly from Middle-Eastern countries, where we are aware of no study to report such an association. Studying the links between dietary patterns and different forms of obesity is especially relevant for MiddleEastern populations, because of their high prevalence of a particular type of obesity, the so-called Middle-Eastern pattern, which makes them very susceptible to increased risk of obesityrelated comorbidities. The predominant characteristic of this pattern of obesity is central fat accumulation and enlarged waist circumference (WC), 4 particularly among women; .50% of adult women in these countries are abdominally obese (22) . Unlike most western populations, the prevalence of obesity and central adiposity among Middle-Eastern women is higher than that among men (22) . Besides different patterns of obesity, dietary intake of the Middle-Eastern population has its own unique characteristics: large portion sizes with high intake of refined grains (white rice and bread) and hydrogenated fats and a greater percentage of energy from carbohydrates. With these features, factor analysis might give different dietary patterns in this region compared with those from other parts of the world. In this study, we examined if major dietary patterns are related to the prevalence of general obesity and central adiposity among Iranian women.
Subjects and Methods
Participants. This cross-sectional study was carried out among a representative sample of Tehrani female teachers aged 40-60 y selected by a multistage cluster random sampling method. A total of 583 women were invited to participate in the study and 521 women agreed to do so. After excluding participants with a prior history of cardiovascular disease, diabetes, cancer, or stroke (n ¼ 9); those with .70 blank items on the FFQ (n ¼ 11); those who reported a total daily energy intake outside the range of 800-4200 kcal (3344-17,556 kJ) (n ¼ 10); and those taking medications (n ¼ 5), 486 women remained for the current analysis. The project was approved by the ethical committee and research council of the National Nutrition and Food Technology Research Institute, Shaheed Beheshti University of Medical Sciences, and informed written consent was obtained from each participant.
Assessment of dietary intake. We used a validated FFQ for assessing usual dietary intakes (23, 24) . The FFQ was a semiquantitative Willettformat questionnaire with 168 food items listed. A trained dietitian administered all the questionnaires. Participants reported their frequency of consumption of a given serving of each food item during the previous year on a daily (e.g. bread), weekly (e.g. rice, meat), or monthly (e.g. fish) basis. For our analysis, daily intake of all food items from FFQ was computed and then consumed foods were converted to grams using household measures (25) . To identify dietary patterns, first we categorized 168 food items into 41 predefined food groups based on the similarity of nutrients (Supplemental Table 1 ). In some cases, we defined food groups as an individual food because of their unique nutrient profiles (e.g. eggs, margarine, coffee, and tea).
Assessment of anthropometric measures. Detailed information regarding measurement of weight, height, and WC has been given elsewhere (26) . Briefly, weight was measured to the nearest 100 g without shoes while wearing minimal clothes. Height was measured without shoes with shoulders in a normal position. BMI was calculated as weight in kilograms divided by height in meters squared. In the current study, general obesity was defined as BMI $ 30 kg/m 2 . WC was measured at the narrowest level and that of the hip at the maximum level over light clothing using an unstretched tape measure, without any pressure to body surface; measurements were recorded to the nearest 0.1 cm. To reduce error, all measurements were taken by the same technician. We defined abdominal adiposity as WC $ 88 cm.
Assessment of other variables. As reported previously (27) , data on physical activity were obtained using an interview-based questionnaire and expressed as metabolic equivalent h/wk (MET-h/wk) (28) . Additional covariate information regarding age, smoking habits, socioeconomic status, medical history, and current use of medications was obtained using questionnaires.
Statistical methods. We used principal component analysis with orthogonal transformation to identify major dietary patterns. Factors retained for further analysis were based on their natural interpretation, Eigenvalues (.1), and Scree test (29) . The derived factors were labeled on the basis of our interpretation of the data. We computed the factor score for each pattern by summing intakes of food groups weighted by their factor loadings (29) . Each participant received a factor score for each identified pattern.
Subjects were categorized based on quintiles of dietary pattern scores. To compare general characteristics across quintiles, we used 1-way ANOVA and chi-square tests where appropriate. Dietary intakes (age and energy adjusted) were compared by using ANCOVA. Multivariate adjusted means for anthropometric measures were computed using general linear model in different models controlling for age (y), smoking (yes or no), current estrogen use (yes or no), and socioeconomic status (categorical) in model I, additionally for physical activity (MET-h/ wk) in model II and further for energy intake (kcal/d) 5 in model III. Multivariable logistic regression models were used to obtain adjusted OR. Covariates were the same as above. The Mantel-Haenszel extension chi-square test was used to assess the overall trend of OR across increasing quintiles of dietary patterns scores. P , 0.05 was considered significant. Statistics presented in the text are OR and 95% CI. SPSS (version 9.05) was used for all statistical analyses.
Results
By the use of factor analysis, 3 major dietary patterns were extracted. We labeled these factors as following: the healthy dietary pattern (high in fruits, other vegetables, tomatoes, poultry, legumes, cruciferous and green leafy vegetables, tea, fruit juices, and whole grains), the western dietary pattern (high in refined grains, red meat, butter, processed meat, high-fat dairy products, sweets and desserts, pizza, potatoes, eggs, hydrogenated fats, and soft drinks and low in other vegetables and lowfat dairy products), and the Iranian dietary pattern (high in refined grains, potato, tea, whole grains, hydrogenated fats, legumes, and broth). Factor-loading matrixes for these dietary patterns can be found in Supplemental Table 2 . Totally, these factors explained 24% of the whole variance.
Individuals in the upper quintile of healthy dietary pattern score were more physically active and less likely to be generally and centrally obese compared with those in the lowest quintile ( Table 1) . Subjects in the top quintile of the western dietary pattern score were less likely to exercise and had higher prevalence of general and central obesity. Compared with those in the lowest quintile, individuals in the upper quintile of Iranian dietary pattern were older, slightly more physically active, less likely to be generally obese, and more likely to be centrally obese. Lower intakes of energy and cholesterol and higher intakes of fiber were seen among those in top quintile of healthy dietary pattern. In contrast, participants in the top quintile of the western dietary pattern consumed more energy and cholesterol and less fiber. Being in the upper quintile of Iranian dietary pattern was associated with slightly lower energy intake.
Multivariate adjusted means of anthropometric measures across quintiles of dietary pattern scores are presented in Table 2 . Compared with those in the lowest quintile of healthy pattern score, those in top quintile had lower BMI, WC, and waist-to-hip ratio (WHR). Adjustment for potential confounders attenuated the associations. Although they were still significant after adjustment (except for WHR, where the significant association disappeared when energy intake taken into account), the linearity was weak and the difference between quintile 1 and 5 was narrower. In contrast to the healthy pattern, the western pattern score was associated with higher anthropometric measures, either before or after controlling for confounding variables. However, the association with WHR was not significant after controlling for energy intake. Individuals in the 3rd quintile of the Iranian pattern score had significantly lower BMI than those in the lowest quintile. This difference remained significant after control for all potential confounders. The Iranian dietary pattern was also associated with lower WC.
OR for general obesity and central adiposity across quintile categories of dietary pattern scores are provided in Table 3 . Individuals in the upper category of the healthy pattern score were less likely to be generally (OR ¼ 0.28; 95% CI ¼ 0.14-0.53) and centrally obese (0.30; 95% CI ¼ 0.16-0.55), whereas those in the upper quintile of the western pattern had greater odds (for general obesity: OR ¼ 2.73; 95% CI ¼ 1.46-5.08 and for central obesity: OR ¼ 5.74; 95% CI ¼ 2.99-10.99). Controlling for potential confounders attenuated the associations, but even after adjustment for energy intake, the associations were significant for both general and central obesity. Although the Iranian dietary pattern and general obesity were not associated, those in the 3rd quintile had greater odds of being centrally obese, either before (OR ¼ 2.15; 95% CI ¼ 1.18-3.90) or after (OR ¼ 2.08; 95% CI ¼ 1.09-3.65) control for confounders.
Discussion
The healthy dietary pattern and risk of general and central adiposity were inversely related, whereas the western dietary pattern and risk of these conditions were positively associated. To our knowledge, this is the first investigation from the MiddleEastern countries to report the association of major dietary patterns with general and central obesity.
Studies that have identified dietary patterns in developing countries are scarce. The patterns extracted in our study were similar to those found in earlier studies on adult populations. In the Health Professionals' Follow-up Study, Hu et al. (30) identified 2 major dietary patterns named ''prudent'' (including vegetables, fruits, legumes, whole grains, and fish) and ''western'' (including processed meat, red meat, butter, high-fat dairy products, eggs, and refined grain). Similar dietary patterns were found in the Nurses Health Study (31) and other studies that included American women (32). Khani et al. (33) , investigating the participants of the Swedish Mammography Cohort, reported 3 major dietary patterns labeled healthy (high in vegetables, fruits, fish, poultry, tomato, cereal, and low-fat dairy products), western (processed meat, meat, refined grains, sweets, and fried potatoes) and drinker (beer, wine, liquor, and snacks). The healthy and western patterns in this study are very similar to the prudent and western patterns reported by Hu et al. (30) and are comparable to the healthy and western patterns reported by Khani et al. (33) . It is remarkable that no matter which population dietary patterns originated from, healthy and western patterns seem to emerge, as shown in many previous studies on dietary patterns.
Identifying the association between major dietary patterns and obesity is not new. However, it is always interesting to see what kinds of dietary patterns exist in different parts of the world and to what extent these patterns are related to the obesity epidemic. In this study, we found an inverse relationship between a healthy dietary pattern and risk of general and central adiposity. This is consistent with previously reported findings in American (34) and European (35) studies. Other studies found that a dietary pattern characterized by low-fat dairy, grains, and fruit was inversely associated with changes in BMI and WC in women (15, 36) . Inverse associations have also been reported between major dietary patterns characterized by whole grains, fruits, and vegetables with BMI and weight gain (37, 38) . However, some studies have reported no significant association (P ¼ 0.49) between healthy dietary pattern and BMI (19) . This might be attributed to the self-reported weight and height in these studies. Our western dietary pattern was positively associated with increased risk of general and central obesity. Both cross-sectional (39, 40) and prospective studies (39) . A positive association between the western dietary pattern and obesity has also been reported by Slattery et al. (40) . In an 8-y prospective study among .50,000 adult women in the Nurses' Health Study, Schulz et al. (41) reported that the adoption of a western dietary pattern is associated with greater weight gain. Higher intakes of meat and sweets, as seen in our western pattern, were associated with weight gain over a 2-y follow-up period among men and women in the European Prospective Investigation into Cancer and Nutrition-Potsdam Study (42) .
Overall, these findings underscore the importance of westernized diet and nutrition transition in the alarming prevalence of obesity in developing countries. The Iranian dietary pattern we defined in this study was not consistently associated with general or central obesity; however, subjects in the 3rd quintile had greater odds of being centrally obese. The complex nature of this dietary pattern makes interpretation very difficult. The Iranian diet, as is clear in our finding, is highly loaded with refined grains (white rice and bread), tea, potatoes, and hydrogenated fats. With these components, one would expect to find a positive association between this dietary pattern and risk of obesity. However, some healthy food groups like legumes and whole 4 Model II: Additionally adjusted for physical activity. 5 Model III: Further adjusted for energy intake. 6 Central obesity: WC $ 88 cm. 7 From Mantel-Haenszel extension chi-square test. grains were also loaded in this dietary pattern that could interact with other foods in the pattern to counteract their effect on obesity. Some points should be considered in interpreting our findings. First, due to the cross-sectional design of the study, one cannot infer causality. Therefore, our findings need to be confirmed in future prospective studies. Furthermore, it is possible that certain anthropometric patterns could have led to changes in diet in hope of changing these measures. Although these changes would confound the association between dietary patterns and obesity, such residual confounding effects would tend to attenuate the risk estimates. Therefore, the true results are even stronger than what we reached. Second, the possibility of residual confounding could not be excluded, because we did not consider participants' dietary behaviors in our dietary pattern analysis. Third, limitations of FFQ for assessing dietary intakes should be taken into account. Fourth, several subjective or arbitrary decisions in the use of factor analysis need to be considered (43) . Fifth, we measured WC at the point of noticeable waist narrowing, which may have resulted in lower WC values than might be obtained using other common sites of measurement. This location of waist measuring might also have resulted in some measurement errors, because each person would have a different area of the abdomen that is the narrowest part. Such potential source of error is particularly important for this study that aims to evaluate the Middle-Eastern pattern of obesity whose main characteristic is abdominal obesity and enlarged WC. While the WHO Expert Committee (44) on Physical Status recommends measurement mid-way between the lower rib and the iliac crest, the NHANES III guidelines (45) prescribe use of a point just above the right ileum and the recommendation of the North American Association for the Study of Obesity and the National Heart, Lung and Blood Institute (46) is to use the right iliac crest. The lack of standard measurement for WC is unfortunate and makes comparison with other studies difficult. It is thought that the use of narrowest waist measurement offers greater ease of acceptance and interpretation by the public and may facilitate self-measurement in addition to clinical use.
In conclusion, our findings suggest that a dietary pattern characterized by high consumption of fruits, vegetables, poultry, and legumes is associated with lower risk of general and central obesity, while a dietary pattern with high amounts of refined grains, red meat, butter, processed meat, and high-fat dairy products and low amounts of vegetables and low-fat dairy products is associated with increased risk of these conditions. Future prospective studies are required to confirm these findings.
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